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(54) 3D-Semiconductor Package 

(57) A semiconductor package is provided which 
enables various Interconnections between pins at a low 
cost. In an embodiment of the invention, the semicon- 
ductor package has a base substrate and a group of IC*s 



(spacer IC's, routing IC's, and flip chip IC's) stacked on 
the base substrate in three dimensions. The routing IC 
is an interposer for wiring between the pins of the chips 
located above and below the routing IC and enables the 
integration of passive elements. 
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Description 

[0001 ] The present invention relates to a semiconduc- 
tor package and, more particularly, to a semiconductor 
package wherein semiconductor IC's are stacked in 
tliree dimensions (hereinafter referred to as a "3D-pack- 
age"). 

[0002] In recent years, a technology for producing 
various machinery or tools with a larger density and larg- 
er integration scale has been advancing and the "Sys- 
tem on Chip" for performing the Integration of a plurality 
of function blocks into a single chip has been improved 
and developed. However, the "System on Chip" has in- 
volved problems that the larger scale "System on Chip" 
leads to a higher development cost and designing In a 
brief period of time is of an extremely high difficulty level. 
[0003] Therefore, a design concept, "System in Pack- 
age" where a plurality of chips are integrated into one 
package to form a single system, has captured the spot- 
light instead of the "System on Chip." Representative 
examples of the "System in Package" Include a MCM 
(Multi Chip Module) and a 3D-package. 
[0004] The MCM comprises a plurality of chips inte- 
grated into a single wiring board and allows reduction in 
production cost and time involved in designing com- 
pared with the "System on Chip." However, the MCM 
involves problems that the area and thickness of a wiring 
board increase and the production cost becomes ex- 
pensive as the system is scaled up. 
[0005] As for the 3D-package, for example, U.S. Pat- 
ent No. 5,973,396 has been proposed, wherein a space- 
saving semiconductor package with a reduced occupied 
area is provided by stacking IC chips in three dimen- 
sions. However U.S. Patent No. 5,973,396 requires that 
ail the IC's to be stacked are specifically designed, so 
that It can provide no solution for the same problems as 
the "System on Chip" design approach, such as a higher 
development cost and a longer design period. 
[0006] In consideration of the foregoing problems in- 
volved in the related art, an object of the invention Is to 
provide a semiconductor package which enables inter- 
connections between various pins at a low cost. 
[0007] Another object of the invention Is to provide a 
semiconductor package which permits increases in 
density and speed. 

[0008] To solve the foregoing problems, the invention 
features a semiconductor package comprising all or any 
of the following: routing IC's, flip chip IC's, and spacers, 
stacked in three dimensions where the routing IC in- 
cludes a plurality of through holes for connecting with 
its adjacent layers or the base substrate and electric 
means for Interconnecting the top and bottom surfaces 
of the routing IC. 

[0009] It is preferred that the semiconductor package 
comprises routing IC's having one or more passive ele- 
ments. 

[0010] It is preferred that the semiconductor package 
comprises routing IC's having one or more active ele- 



ments. 

[001 1 ] It is preferred that the semiconductor package 
comprises " '-iurality of routing IC's which differ from 
each other e numbers of the through holes, the ac- 
5 tive elemeni .-ind/or the passive elements provided or 
in the area occupied thereby. 

[0012] It is preferred that the semiconductor package 
comprises an electric means for changing the routing of 
the routing IC's. 

10 [0013] It is preferred that the semiconductor package 
comprises an electric means for changing the construc- 
tion of passive elements and/or active elements, which 
are placed on the routing of the routing IC. 
[0014] It is prefen-ed that bonding between the indi- 

75 vidual layers of the semiconductor package is per- 
formed by solder balls or a conductive adhesive. 
[0015] The invention disclosed herein will be under- 
stood better with reference to the accompanying draw- 
ings, in which: 

20 

Fig. 1 is a schematic illustration showing the entire 
arrangement of a semiconductor package in an em- 
bodiment of the invention; 

Fig. 2 is a cross sectional view of a semiconductor 
25 package in a first embodiment of the invention; 

Fig. 3 is a cross sectional view of a semiconductor 

package in a second embodiment of the Invention; 

Fig. 4 is a cross sectional view of a routing IC in an 

embodiment of the invention; 
30 Fig. 5 is a cross sectional view of a flip chip IC used 

in the invention; and 

Fig. 6 Is a cross sectional view of a custom IC used 
in the invention. 

35 [0016] With reference to Figs. 1 to 6, the embodi- 
ments of the invention will be described below. 
[0017] While the routing IC is an interposer with a 
function for wiring pins of chips located above and below 
the routing IC, it is also an IC that enables the Integration 

^0 of passive elements including a resistor R, an inductor 
L, and a capacitor C. The passive elements are intended 
to provide impedance matching, decoupling, and the 
like which must be considered in connecting chips. 
[0018] While this "routing IC" may Incorporate active 

^5 elements, It may have a function for allowing a change 
in routing after the production of IC's using the well- 
known techniques in this case. With such routing IC, a 
semiconductor package according to the invention may 
have a function of reconstituting an Internal circuit. 

50 [0019] Turning now to the drawings, Fig. 1 shows the 
entire arrangement of a semiconductor package in an 
embodiment of the invention; Fig. 2 shows a first em- 
bodiment of the invention; Fig. 3 shows a second em- 
bodiment of the Invention; Fig. 4 shows a cross section 

55 of a routing IC in an embodiment of the invention; Fig. 
5 shows a cross section of a flip chip IC used in the in- 
vention: and Fig. 6 shows a cross section of a custom 
IC used in the invention. 
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[0020] Referring to Fig. 1, a semiconductor package 
in an ennbodiment of the invention comprises a group of 
IC's 103 stacked in three dimensions: a base substrate 
105 on which the group of IC's 103 is mounted; an en- 
capsulant 101 for encapsulating the resultant "substrate 
with the group of IC's; and external connections 1 02 on 
a rear surface of base substrate 1 05 opposite from the 
group of IC's 103. 

[0021] Referring now to Fig. 2, there are illustrated 
cross sections of a group of IC's 103a assembled by 
through hole silicon stacking of the first embodiment, 
and a base substrate 1 05. As shown in Fig. 2, the group 
of IC's (spacer IC's 203, routing IC's 201 , and flip chip 
IC's 202) 103a is stacked in three dimensions on the 
base substrate 105. 

[0022] As described above, the routing IC 201 is an 
IC for wiring between pins of chips located above and 
below the routing IC and has through holes 206, each 
for connecting this routing circuit to layers stacked 
above and below the routing circuit (adjacent layers or 
the base substrate). The routing IC 201 can incorporate 
at least one of the following (1) to (4) according to the 
application in which it is used. 

(1) Passive elements 

(2) Active elements 

(3) A circuit for changing the routing 

(4) A circuit for changing the construction of passive 
elements and/or active elements which are placied 
on the routing. 

[0023] To bond the routing IC 201 with IC's located 

above the routing IC (or below the routing IC), it is pos- 
sible to use either of the following well known means: 

(1) solder balls; and 

(2) conductive adheslves including ACFs (Aniso- 
tropic Conductive Films). 

[0024] The layers 201 to 203 each perfonn reception 

and transmission of input/output signals through I/O 
pins 207. For bonding between layers, solder balls or 
conductive adheslves (e.g. ACF) may be used. 
[0025] The routing IC 201 can be fabricated utilizing 
the same techniques as silicon substrate IC's here. 
However, unlike the CPU fabrication, the routing IC does 
not need the most advanced and costly design rule and 
apparatuses, so that it can be fabricated at a lower cost. 
[0026] In this embodiment, rt is also possible to inte- 
grate an active element, such as a transistor, into the 
routing IC 201 to make the I/O paths programmable. In 
this case, connection paths between pins provided on 
the sides of routing IC 201 can be switched. Conse- 
quently, for example, even when the specifications of 
the adjacent layer (e.g. a flip chip IC 202) are changed 
or when there are any mistake (or any change) in the 
system design, the routing can be readily changed with 
just programming. Of course, it is possible to additionally 



incorporate a logic circuit in the routing IC 201 and to 
allow the logic circuit to be reconstituted as well as to 
change the routing. 

[0027] The substrate material of the routing IC 201 

5 may be any of silicon, glass, ceramic (alumina), or pol- 
ymers. However, the type of passive element integrated 
may be restricted depending on selected substrate ma- 
terial. 

[0028] The flip chip IC 202 may be a well-known 

10 standard flip chip IC and the semiconductor material 
thereof may be Si, GaAs, or the like. While.this IC 202 
isn't changed usually, it can be subject to minor change 
in bonding pads due to improvement (or modification) 
in the bonding techniques. 

15 [0029] The spacer IC 203 may be routing IC 201 with 
a different thickness or may comprise a flexible sub- 
strate. It is conceivable to use solder bails or conductive 
adheslves (e.g. ACF) for bonding the spacer IC 203 with 
chips located above and below the spacer IC. Further, 

^0 it is possible to use polymers as the substrate material. 
[0030] Fig. 3 illustrates a cross section of a group of 
IC's 103b to which the through hole silicon stacking in 
the second embodiment is applied, and a base sub- 
strate 105. In Fig. 3, like parts are identified by the same 

25 reference character as shown in Fig. 2 to omit the de- 
scriptions therefor. As shown in Fig. 3, a custom IC 204 
is stacked on a base substrate 105. In this manner, a 
custom IC 204 can be incorporated to achieve a 3D- 
package according to the invention. Now, the custom IC 

30 204 is a specifically designed IC, wherein through holes 
206 are fomned therethrough. 
[0031 ] Examples capable of incorporating a semicon- 
ductor package according to the invention are: 

35 (1) RF integrated circuits, wherein a compound 
semiconductor is used, 

(2) Logic circuits (e.g. CPUs and DSPs) 

(3) Memories (e.g. DRAMs, SRAMs, and flash 
merinories) 

40 (4) Sensors 

[0032] Fig. 4 shows across sectk)n of a routing IC 201 
used in the invention. The through holes 206 are filled 

with conductor and serve to electrically connect layers 
45 adjacent vertically with each other, or an adjacent layer 
with a base substrate 1 05. In the routing IC 201 , many 
passive elements (e.g. resistors R, inductors L, and ca- 
pacitors C403) and a small number of active elements 
(e.g. transistors 401 and diodes) are integrated. 
50 [0033] Fig. 5 shows a cross section of a flip chip IC 
202 used in the invention, wherein the solder ball bond- 
ing is adapted to bonding of the flip chip. In the flip chip 
IC, its I/O pins protrude directly from a surface of the 10 
and the chip bumps 501 are composed of solder solely. 
55 [0034] Fig. 6 shows a cross section of a custom 10 
204 used in the invention. The custom 10 204 is a spe- 
cifically designed 10 through which holes 206 are 
fomned. When a new function not available in commer- 
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cial IC's is required, it is possible to incorporate in the 
package a custom IC 204 wherein the required function 
and routing circuits and through holes are formed. 
[0035] While the embodiments of the invention have 
been described above, the advantages of the invention 5 
will now be listed. 

1 . It has been impossible to incorporate existing IC's 
directly in a SD-package which has been proposed 
heretofore. However according to the invention, ex- io 
isting flip chip IC's can be incorporated In a 3D- 
package as they are, so that the design period and 
manufacturing cost can be reduced significantly. 

2. It is also possible to Incorporate a specifically de- ts 
signed IC.. wherein through holes are tonned there- 
through, if required. In addition, this IC can be re- 
used for a SD-package In a modification of the in- 
vention. 

20 

3. The routing IC 201 is an IC which is primarily in- 
tended to perform the routing as its name indicates, 
so that there is no need for using the most advanced 
Integration technology unlike the CPU fabrication. 
Consequently, the manufacturing cost of the pack- ^5 
ages can be kept lower, because it is often possible 

to accomplish good perfonnances even when they 
are produced by a lower cost production method. 

4. The routing IC can incorporate a switching circuit, 30 
thereby providing a 3D-package with the ability to 
reconstnjct an internal circuit. 

5. It becomes possible to cut down on costs of and 

to expedite 3D-package designing. 35 

6. It especially becomes possible to cut down on 
costs of a packaging technology where compound 
semteonductor IC's are used, and a packaging tech- 
nology for DSPs. 40 

7. Integrating passive elements into a routing IC, the 
passive elements can be integrated Into the pack- 
age of the invention. As a result, the number of pas- 
sive components which have been required to be 
mounted on a separate board can be reduced. 

8. Therefore, it is posslbleto achieve space-savings 
and speedups for semiconductor packages without 
sacrificing the design periods and manufacturing so 
costs. 

[0036] Therefore, according to the Invention, it is pos- 
sible to provide a semiconductor package which ena- 
bles space-saving and operation speedup while reduc- 55 
ing the design time and manufacturing cost. 



Claims 

1 . A semiconductor package comprising: 

all or any of the group consisting of: routing IC's, 
flip chip IC's, and spacers; and a base sub- 
strate, 

wherein all or any of said IC's and spacers are 
stacked in three dimensions on the base substrate 
of the semiconductor package, and said routing IC 
comprises: 

through holes for connecting with the routing 
IC's adjacent layers or the base substrate; and 
electric means for wiring respectively the top 
and bottom surfaces of said routing IC. 

2. The semiconductor package according to claim 1, 
wherein said routing IC comprises one or more pas- 
sive elements. 

3. The semiconductor package according to either 
claim 1 or 2, wherein said routing IC comprises one 
or more active elements. 

4. The semiconductor package according to any of 
claims 1 to 3, wherein said routing IC's differ from 
each other in the numbers of said through holeS; 
said active elements, and/or said passive elements 
provided and in the area these occupy. 

5. The semiconductor package according to any of 
claims 1 to 4 further comprising an electric means 
for changing the routing of said routing IC's. 

6. The semiconductor package according to any of 
claims 1 to 5 further comprising an electric means 
for changing the construction of passive elements 
and/or active elements, which are placed on the 

. routing of said routing IC. 

7. The semiconductor package according to any of 
claims 1 to 6 wherein bonding between the individ- 
ual layers Is perfonned by solder balls or a conduc- 
tive adhesive. 
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(57) A semiconductor package is provided which 
enables various interconnections between pins at a low 
cost. In an embodiment of the invention, the semicon- 
ductor package has a base substrate and a group of IC's 



(spacer ICs, routing iC's, and flip chip IC's) stacked on 
the base substrate In three dimensions. The routing IC 
is an inlerposer for wiring between the pins of the chips 
located above and below the routing IC and enables the 
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